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RESULTS OF 1RECENT THERAPEUTIC EXPERIENCE.

SINCE the publication of my experiences with a new remedy

for tuberculosis two inouiths ago, many doctors have been put
in possessioln of time remedy, and lhave thus been enabled to

imiake themselves acquainted with its qualities by their own

experiments. As far as I caIn judge by the publications that
hlave appeared oni the subject, and the letters addressed to
me, my statemenits halve, on the whole, found full confirma-
tion. That tlle remle(dy exercises a specific action oni tuber-
culous tissue, anld can in conisequencee be employed as a very

(lelicate anid certain reagenit in searching out hiiddeni, amid

diagnosilng doubtful, tuberculous processes, is agreed oni all
sides. And in regard also to the tlherapeutic effect of the re-

mnedy, most accouints agree that, in spite of the relatively slhort
luration of the treatment, many patients show improvement,
varying onily in degree. In not a few cases I am informed
that cure even has been attainied. Onily in some exceptional
cases lhas it beeni aflirmned that the remedy may not olily be

(langerous in too far advanced cases-which is freely admitted-
but that it directly lhastens the tuberculous process, tllat it is
in fact harmfulper se. I mlvyself lave lhad the opportulnity during
at montlh and a hallf of collectinig fturtlher experienices re-

,,arding the therapeutic eflect alnd the (liagnostic value of the
remedy in about 150 cases of various forms of tuberculosis,
anid I can only say that all I have lately seen is inl harmolly
with my former olservations, anid tllat I lhave lnotling to re-

tract of what I have before stated.' So long as the only

point of importance was to judge of the correctniess of my
statemenits it was nlot esseintial to kniow what the remedy comi-

tains an-d what its origin is. Oin tlhe contrary, it was clear tllat
subsequeilt experiments would be all the more uniprejudiced
tlle less was known of the remedy itself, but now that suchl

experiments in sufficient number lhave beenl made and have
proved the importance of the remedy, the remaininig task is
to study tlhe remedy beyond the application it has hiitherto
found, and if possible to apply tile principles wllie
lie at the foundatioin of its dhiscovery to otlher diseases.

1.As regards the duration, of cure, I should like to state here that of
the cases whliel I had provisionally marked cured two have been again
received into the Mo(abit Hospital for further observation, and that for
three months no bacilli have been present in their sputum; thc plhysical
signs, too, have gradually quite disappeared.

This task, of course, (lemands a fuill knowledge of t1e
remedy.

THE STEPS BY WhIIICH THE D)ISCOVERY WAS MADE.
I therefore tllink the riglht moment lhas come to make

the niecessary statemenits wlich follow, before I discuss
the remedy itself. I thinik it imperative for the better
understan-din-g of its actioni to trace shortly the Steps
that led me to its discovery. If a healthy gruinea-pig be
inoculated with a pure cultivation of tubercle bacilli, the
inoculation wound generally becomes sealed, and seems to
lheal up durilng the next few days. It is only in the course of
from tenl to fourteen days that a lhard nodule is formed, whichl
soon opens, forming an ulcerating spot whieh persists until
the death of thle aniimal; but the case is very different if an
already tuberculous aniinal be inoculated. Tlle most suitable
animals for this experiment are those that have alread3y
been successfuilly inoculated four to six weeks previously.
In the case of suclh an animal also the small inoculationi
wounid becomes sealed at first, but Ino nodule is formed,
a peculiar clhanige taking place at the point of inoculation.
Already, on the first or secon(d day, the spot becomes hardl
anid dark-coloured anid this is niot confined to the poinit of
in-oculation, but spreads arou(ld to a diameter of 0.5 to 1 centi-
mUtre. During the next few days it becomes more and more
clear that the epidermis tllus elhanged is nlecrotic. Finally
it is thrown off, and a flat ulcerated surface remains, whlich
generally lheals quickly anid completely, witlhout carrying in-
fection to tlle nieighbourinig lymphatic glands. Tlhus the inocil-
lated tubercle bacilli act quite differently on the skini of a-

healtlhy guiniea-pig and onl that of a tuberculous one. But this-
remarkable action does not belong exclusively to living tuber-
cle bacilli, but also in the same degree to dead ones.
whether killed by low temnperatures of long duration, whiceh I
at first tried, or by boiling lheat, or by certain chemicals.
This peculiar fact having beeln ascertained, I followed it up

in all directions, anid it was then further found that pure
cultivatioins of tubercle bacilli thus killed, after they have
been ground down and suspenided in water, can be injected
under the skin of lhealtliy guinea-pigs in large quami-
tities witlhout producing- anythlinig but local suppura-
tioi.2 Tuberculous guinea-pigs, oni the other hand, can
be killed by ani inijectioni of very small quantities of
suclh suspelnded cultures, the time being from six
to forty-eighit lhours, accordinig to the dose; a dose whichl is
just insufficient to kill the aniiimal is sufficient to produce
a widespread necrosis of the skini in tlle regioln of the point
of inoculation. If the suspended matter be still more diluted,
so that it is scarcely turbidl to the eye, the animals remaini
alive ; anid if the injectionls be conitinued at initervals of olne
or two days, a noticeable improvemenit in their condition soon
sets in ; the ulcer at the point of inoculationi becomes smaller,
and finally cicatrises. This is never the case without such
2Injections of this nature a-re aimong the simiiplest and most certainv

nmetlhods of producing suppulation free fromii livinig bacteria.
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trea.tment. The swolleni lymplhatic glands become smaller,
the c(onlition as regards niutritioni improves, anid the pro-

gress of the (lise ise is arrested, if it is not already so far ad-

vamened tbat the aniimal dies of debility.

I)IFFICULTIES IN ITHE AWAY OF THE THERAPEUTIC
APPLICATION.

These fclcts formed the founiidationi of a tlierapeutic metlhod
againist tuberculosis. BLut ani obstacle to :the practical em-

ployment of suclh suspenisionls of killed tuberele bacilli wvas

founid in. the plheinomenionl that the tubercle bacilli are by
no imeans reabsorbe(l, nior do they disappear in ainy way, but
for a long time remaini uinelicanged in their positioni, producing
smaller or larger suppurating cenitres. Thus it was clear that
iii thtis imetlhod the curative effect oni the tubereulous process
is obtaiined by a soluble substance, diffused, so to speak,
iito the fluids that surround tlle tubercle bacilli, anid traiis-
ferrecd withlout delay to the circulatilng fluids of the body,
wheretis that whlichl lhas the pus-formiing quality seenms to

remiain behind in the ttiberele bacilli, or at any m-ate

to be only very slowly dissolved. Thus the olnly
importa-int thlinig to be, done was to carry out the piro-

cess, wh1iel takes place withlini the body-outside of it
also--and if possible to extract aind isolate the curative sub-
sti-ince from the tubercle bacilli. This problem required
mucht work anid time before at last I succeeded, by the lhelp
of a, 40 to 50 per cent. solution- of glycerine, in extractin1g rtlhe
active )princip)le froni the tuberele bacilli. My furtlher expe-

ritnints oni animals, and finlally oni humann beilngs, were made
witlh li(qui(d tlhus obtained ; anid in this w%ay also the liquid
which I let other physicians have in order to repeat the ex-

perihnelets was obtainied. The remnedy with which the new tieera-

.peutic treatmzent of tuberculosis is caried out is, therefore, aw
f/lyoerine e tract of _pure cultivations of ttuber*cie batcilli.

THE COMPOSITION (OF TrILE REIEDY.
]Wsi(les the active Irincipleftlere pass froml the tulberele

b-cilli imito the simple extract all other substances soluble in
50 per cent. glycerine, therefore there is founid
iii it a certain quantity of minieral salts, pigmyienit, aind
other uniknoiown extract ive substances. Some of tllese sub-

stances cani be reniov('( froiii it witlhout difficulty, for the

active h)rincilple is insoluble in absolute alcolhol, and can be
precipitated by it--not pure, it is true, but in combiination
witli otlher extractive substancees likewise insoluble in alcolhol.
the colouring mnatter, too, can be separated out, so that

it is possible to obt.aiin a colourless dry substance from

the extract whlichl contalins time active principle in a

much Iiiore concentrated( form. tlan the original glyce-

riime solutiomn. Plut this purifyinig of tI-e glycerine
extract lhas no advantages as regards practical applica-
tioni, as tIme su1stanlces thlus removed lhave nio actionl on the
human. organism, and tlie process of purifying would, thlere-
fore, onily cauise unnmecessary expense. The constitution of
the act,i've, Principle canl as yet be' only a matter of conjecture.

It seems to me to be a derivative of allbuminous bodies,
and to be in close relation to tlhem, but it does not beloing to
the group of so-called toxalbumins, as it can witlhstand(l
hiigh temperatures, and in tlhle dialysator passes quickly
anid easily tlhrouglh the miembrante. Tlle quanitity of active
prilnciple present in the extract is, in all probability, very
small; I estimate it at fractions of 1 per cent. Tlhus, if
my assumption be correct, we have to deal wvitlh a substance
the action of wlieh on tlle tuberculous organism far sur-

passes that of the strongest drugs known.

PROBABLE MODE OF AYCTION OF THE REMIEDY.
Various lhypotlheses ilay, of course, be formed as regards

the specific mode of action of the remedy on tuberculous
tissue. Witlhout in any way affirming that my view is tlle
best possible explanatioil, I imagine the process to be as fol-
lows:--The tubercle bacilli in their growth produce in the
living tissues-just as in the artificial cultivations-cer-
tain substances wlichl lhave various but always deleterious
in-fluenices on the livinig elements of tlheir surrounldinigs-
the cells. Amonlgst these substancies is one wlh]ic, in a
certaini concenitrationi, destroys livinig protoplasm and causes

it to unidergo a transformiation into the conditioni called
'coagulation-necrosis," by AWeigert. The tissue having be-
comieinecrotie. this colnditioni is so unifavourable to the
nutrition of thle bacillus, tllat it is unable to develop
further, anid finially in some eases it dies off. In this
way I explain the renmarkable phenomenon that in organs
freshly attacked by tuberculous disease for instance,
in a guinea-pig's spleeni or liver filled witlh grey nodules
-lnumerous bacilli are found, wlhilst bacilli are rare
or entirely absent wlheln the einormously enilarged spleeni
consists almost enitirely of wlhitislh substanice in a
condition of coagulationi-necrosis, suclh as is ofteni
founid in guinea-pigs wlich die of tuberculosis. A solitary
bacillus, however, canniot produce n-ecrosis at a great distance,
for as soon as the necrosis lhas reaclhed a certain extenit the
growtlh of the bacillus, aild, in consequence, the productionl
of the necrosis-producing substance, dimiinislhes, and thus a
sort of mutual compensation sets in, ald to this it is clue
that the growtlh of isolated bacilli is so remarkably restrieted,
as, for example, in lupus, in scrofulous glanids, etc. In sucl
cases the necrosis only extends over a part of the cell, wlhielc
then, in its further growtlh, assumes tlle peculiar form of a
giant cell; I thus follow in tllis statemenit of my views the
explailationi of the growtlh of giant cells first given by
Weigert. Now, if the necrosis-producing substance were arti-
ficially added to that contailned in tIme tissue surrounding the
bacillus, theni the lnecrosis would extend furtlier, and thus
the coilditiolns of nutritioln of the bacillus would be muclh
more unfavourable than is usually the case. Then, niot onily
would tlle more completely lnecrosed tissues disintegrate,
slouglh, and-wllere this is possible-take witlh them the en-
closed bacilli, carryilng tllem outward; but the baccilli would
also be disturbed in their growth to suchl an extent that they
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would die off mlluchl soonier than is the case uinder ordiniary
<olnditioiis. It is in calling forthl suclh clhaniges tlhat, to my
mind, the actioni of the remedy seems to colnsist. It conitains
-i certaini amounit of the niecrosis-producinig substance, of wlich
.a correspondingly large dose lias a deleterious influenice-
even in healthy persoiis-on certain elements of the tissues,
probably onl the wlhite blood corpuscles or cells closely
related to them, thus givin-g rise to the fever anid the wlhole
peculiar conmplex symltoms. In tulerculous persons a mucl
smaller quanitity suffices to cause, at certain spots--that is,
wherever tubercle bacilli vegetate and lhave already imnpreg-
iiatedI their surrounidinigs witlh the niecrosis-producinlg sub-
staince-a ilmore or less extenided ilecrosis of cells witlh the
accompanlying symi-ptoms affectinig the enitire organism. In
this wvay it is possible to explaii-at least for tIme presenit-
in a provisioinal way tlle specific influelnce wlhichl the remedy
in certaini well recogniised doses exercises on tuberculous
tissue, as well as the possibility of increasilng the doses ill so
remarkable a faishioni, amid, finally, to explain the curative
effect whlichl the remiiedy unidoubtedly possesses wh-liere the
circumstances are at dll favourable.

REMARKS
ON

THE EFFECT OF KOCH'S RE-MEDY ON THE
INTERNAL ORGANS OF TUBERCULOUS

PATIENTS.
Delivered in the Disciission on Professor B1. Fr aenkel's Paper cat the

Berlin Medical Societ,, on Januarqy 7th, 1891.
BY PROFESSOR RLUD)OLF VIRCIHOW,

[Trans1ated fi-omii the BCrli)rcr kliaiischc Jochiicschrift, Jantary 12tl, 1891.]
WITH reference to a rather larg,e llumb)er of preparations
'wlich I lhave l)rou_Ilt lhere, I beg to be allowed to make a few
ilntro(luctory remarks. In the first place, I wislh to say that I
do not., as will rea(lily be un(lerstood, propose to speak lhere
of imy owln casual observations o01 patienits, but oiliy of wlhat
we lhave been able to establislh by way of aiiatomo-patliolo-
gical researchl. From the beginniinig of tile inljectionl period
up to the enid of tlhe year that lias just passed away tile total
numnber of deatlhs of patienits treated b)y injectionis of Koeci's
fluid tllat lhave conme before us has beeni 21. Besi(les these we
have already hiad in the course of the present year, I believe,
6 or 7 other cases; eveni this very day wve lhave hiad ail oppor-
tuility of submitting some new specinells to examninationi.1

It is obvious that tills aniatolllo-patliological nmaterial imuiist
differ conlsiderably from tle clinlical, in wlich processes visible
to tile eye stanid in tlhe foregrounid of o)bservatioll and of ini-
terest, wliile we are, Of course, IUluli miore conclernied with tile
internal parts, most of wilicil are inaccessible from tie out-
side, and tlie (liseases of wilicil can in maniy cases be onily
very superficially discovered, eveni by tlie Inost accurate exa-
miniationi. Perilaps, llowever, you will be initerested in
liaviing tile opportunity, even onlce, of seellg suchl results, aild
colulparinig tilem withi those obtainled by tile direct examillation
,of parts witilill re-acl.

Of tIle 21 cases wilicli we lhad up to tile eind of December,
16 were plitliisical in tile niarr'ow senlse ill wlhich tile word is
usually employed as denoting disease in wiiel tlhe essen-
tial element is tlhat tlhe lun-gs are affected. As regards the

1 In addition to tihis, miiy assistalits have imiade nieciopsies in a largenumber of sillwilai cases in other lhospitals and in private, and I liave
seen tlhe lIlOSt iimlportaiit results of these exaininations.

otlher 5 cases, there were amouig tleni ani exquisite case of
severe b)one aiid joiilt tuberculosis; a case presenitinig tlle pe-
culiar complicationl of carcinoma of the paniereas, with some
small smootlh-walled cavities witlh surrounidinlg induration in
the apices; a case of empyema in a lyiing-ini woman, wlio
would probably lhave died evein without the inijection ; a case
of pernicious aniimia witlh very slighlt old-stanidinig ellanges
in the lunigs ancd tul)erculous pleurisy; lastly, a case of tuber-
culous araclhnitis. The otlher 16 cases were, as I have
already said, cases of pulmioniary plhtlhisis, in all of which
ulcerative processes of greater or less extenlt were present;
most of them were examples of true conisumptioi.

I canniot lnow eniter inito the details of these cases: perlhaps
I may lhave ain opportunity of doinig so at some future time.
I may, lhowever, be allowe(d to make sonie general remarks on
them to the followinig effect: Just as the activity of Koel's
remedy, as seen externially, manifests itself principally in the
setting up of very acute irritationi in tlhe affected parts, with
inten-se red(iness anid great swelling, so does it also in the in-
ternial organus. We lhave seein very miiarked in-staniees of tlhis.
I lhave here a preparationl wlhiel mnay well be taken as a
typical specimiiein. It comes from the eliniie of mly colleague,
Professor Iteilochi, aind belonlgs to the case of tuberculous
aracliniitis already referred to. I may observe that tlere were
also changes in the lungs, conisistinig in some rather old-
stani.dinig patches of caseous pnieuimloniia, wvlich mighlt be
lookedupoii as the sourceof mnetastatic arachnidtis,anid a niumbel-
of recenit inflaimimiiatory changes. After four inljectionls, in all
ainouniting(r to 2 nmilligramines, the last of which was giveni
sixteei hlours l)efore deatli, the patient (a boy, a(ed 03 years)
died, anid colossal hypereinia of the pia Iiiater as w4lI as of
the brain substanice, the like of whluiel I niever remember
to lhave seen before, wvas fouind. TIhe preparatiomn before you
was at first preserved simply in glycerinie: it haskept fairly
well also in tlhe (Iry state. It shows oni the surface extreme
engorgemeint of tIme vessels of time pia miater, whlilst initernially
the braini substan-ce is dusky red in appearance. I take this
opportuniity of menitionlinig that ini this case-time onily (olne, it
mi<ay be added, of tuberculous arachlniitis whichhlats yet come
before us for examiinlationi-I persomially examinled the tuber-
dles; I cannilot, lhowever, say tbat I saw aniy evidenice ini tleim
of retrogressive elaniges. The tubercles were very well
formned, anid presenited the usual appearaclees of mniniingeal
tubercles.

Sinlilar acute hmypernIemias anld swellilngs are also seen ilI
other inlternial parts. In par-ticular it was repeatedly notedby
us that even tie surface of ol0( pulnioniarv cavities showed un-
usually intenise redimess of time granulation layers; moreover,
h-emnorrlhagic infiltratioins of the w-alls were not seldom present,
auld eveni recent hmwinorrhlages were observed in the cavities.
Tlhus in a imaim, aged 30, witlh an old rectal fistula and
numerous tuberculous ulcers of time coloni, death was tlle re-
sult of 1mIemnoptysis fromiian o01 ulcerated cavity; lhe lhad
receive(d seven inijections, the last tlhirteen (lays before hiis
death, omiwhllich occasioni the first bleeding occuirred.
The processes observed, lhowever, are not iiierely transient

conigestive swellings as to which it miay b)e assumed that
they will, perlhaps, disappear in a very shlort time, but tllere
cani be nio douibt that in the initernial parts actual inlflam-
matory processes, and especially active )roliferations, occur
to an inhtenise degree. This lholds good clhiefly withl regard to
two places iii which suclh appearanees are very cOlnspicuous;
these are, first, the edges of existinlg ulcers; a1i(l iext, the
neiglhbourinig I nynphatic glands, especially tIme 1bronchmial and
meseniteric. TIme lyImlphiatic glands preseIIt a quite unusual
degree of enlargement, and iiotably that formii (of medullary
swelling characteristic of acute irritationis, wlich is caused by
rapidl proliferationi of the cells in the interior of time glands.
It is in harmuolny with these large acute swellinigs that frequently
also aii incirease in the colourless eleIIlenits of tIme blood can
be detected-a conlditiomi of leucocytosis to whliclh may,
perlhaps, be attributable the relative frequencv with wlich
various inifiltrations of wlhite blood corpuscles iii the imeigh-
bourlhood of tIme affected parts, especially aroulid the tubercles
tlhemselves, can be observed.
These swellings occasionially assume a very danigerous char-

acter. I will onily refer to the plheiiomnemma wllicli are seen in
the larynix, where, eveni in cases in wlichli the ulcerated sur-
faces themselves become cleanl, the adjoining parts swell to


